Vitamin E is a generic term for all tocopherol (TocH) and tocotrienol (Toc-3H) homologues. The antioxidant effect of vitamin E has been ascribed to the oxidation of its phenolic hydroxyl group by lipid peroxyl radicals (LOO·), producing corresponding tocopheroxyl radicals (Toc·) or tocotrienoxy radicals (Toc-3·) (reaction 1). The mechanism involved has been studied extensively by several investigators (1-5).
A Kinetic Study of the Radical-Scavenging Action of Tocotrienols in the Membranes of Egg Yolk Phosphatidylcholine Vesicles
Summary Vitamin E is localized in membranes and functions as an efficient inhibitor of lipid peroxidation in biological systems. In this study, we measured the second-order rate constants (ks) for the reaction of tocotrienol homologues (a-, b-, g-, and d-Toc-3Hs) with the aroxyl radical (ArO·) used as a model for lipid peroxyl radicals (LOO·) in the membranes of egg yolk phosphatidylcholine (EYPC) vesicles by stopped-flow spectrophotometry, and compared them to those of tocopherol homologues (a-, b-, g-, and d-TocHs ) in chlorobenzene (that is, 39.8), the kinh value for the reaction of a-TocH with LOO· in membrane was estimated to be 1.03310 equal volumes of 70% MeOH solutions of (A) 0.1 mm ArO· and (B) 20 mm EYPC vesicles containing vitamin E under a nitrogen atmosphere.
The time between mixing the two solutions and recording the first data point (that is, dead time) was 10-20 ms. The reaction was monitored by either single wavelength detection or a photo-diode array detector attached to the stopped-flow spectrophotometer. All measurements were performed at 25.060.5˚C. Experimental errors in the rate constants (ks) are estimated to be about 5% and 8% in chlorobenzene and vesicle solutions, respectively.
Results and Discussion
The changes in the absorption spectrum measured during the reaction of a-Toc-3H with ArO· (Eq. (3)) are shown in Fig. 1A . When a 70% MeOH solution of a-TocH with EYPC vesicles was added to a 70% MeOH solution of ArO·, the ArO· absorption peak disappeared immediately, the a-Toc-3· peak appeared, and the isosbestic points were observed. As shown in Fig. 1B , after about 5 ms lag time probably due to penetration of ArO· into membranes of EYPC vesicles, the decay of absorbance of ArO· (at 583 nm) was observed.
The pseudo-first-order rate constants (kobsd) were determined by evaluating the decrease in the absorbance of the ArO· by the reaction with various concentrations of a-Toc-3H. As shown in Fig. 2 , the kobsd of ArO· at 583 nm plotted against a-Toc-3H concentrations was linearly dependent on the a-Toc-3H concentration, and thus the rate equation was expressed as
where ks is the second-order rate constant for oxidation of a-TocH by ArO·. Similar measurements were performed for b-, g-, and d-Toc-3Hs (Fig. 2) .
We calculated their membranous second-order rate constant (ks) assuming that all antioxidant molecules were located in EYPC membranes and using the estimation that their concentration in EYPC membranes (mol of Toc-3H or TocH/L of EYPC) was 133 times higher in the bulk MeOH/H2O phase (13) . The ks values of Toc-3H and TocH homologues obtained in EYPC membrane and in EtOH solution are summarized in Table 1 .
The ks values of Toc-3H and TocH homologues [ArO·]t505~7.0310 25 m. in membrane were about half of those in EtOH solution. The ks values of Toc-3H homologues in membrane increased in the order of d-Toc-3H,g-Toc-3H,b-Toc-3H,a-Toc-3H. This order was same as that of the ks values of ToH homologues in membrane reported recently by us (10) . Furthermore, the relative reaction rate constants of Toc-3H analogues to a-Toc-3H in membrane (a/b/g/d5100/83.7/63.2/20.2) were not much different to those of the reaction rate constants of TocH homologues to a-TocH in membrane (a/b/g/ d5100/88.4/83.8/17.3) ( Table 2 ), indicating that the relative radical trapping activities of Toc-3H homologues in membrane are almost the same as those of TocH homologues. Yoshida et al. (14) reported that the reactivities of a-, b-, g-, and d-Toc-3Hs toward peroxyl radicals are the same as those of the corresponding a-, b-, g-, and d-Toc-3H homologues in acetonitrile solution. On the other hand, Servinova et al. (15) reported that a-Toc-3H has more potent antioxidant activity than a-TocH for lipid peroxidation in rat liver microsomal membranes. In the present work, each ks value of Toc-3H homologues in membranes was 60-80% of that of the corresponding TocH homologue except for the nearly identical ks values of d-homologues, although there was no difference in EtOH solution between each ks value of corresponding homologues of Toc-3H and TocH (16) ( Table 2 ). These results indicate that the difference in the alkyl side chain structure of vitamin E causes the change in the mobility of vitamin E molecules and/or the location of their antioxidant OH-groups in membranes, resulting in the lowered radical-trapping rate of Toc-3H. Next, we tried to evaluate the kinh value for the reaction of a-TocH with LOO· in membrane, by assuming that the ratio of the kinh value of a-TocH with LOO· to the ks value with ArO· in solvent is the same as their ratio (kinh/ks) in membranes. We previously reported that the ks value of a-TocH was dependent on the polarity of the solvents and increased with a decrease in the polarity of solvent (4 ) in EtOH with higher polarity (see Table 3 ). Since the kinh value of a-TocH in chlorobenzene was reported to be 3.20310 6 Table 3 ). The kinh value 
